Sulfated glycoprotein-1 (SGPllprosaposin) exists as a sulfated secreted protein or as a lysosomal precursor of four smaller saposin molecules. The protein exhibits ubiquitous expression, evolutionary conservation, and diverse tissue inducibility. The lysosomal form of SGPl plays a role in the hydrolysis of glycolipids and sphingomyelin. The function of the secreted form of SGPl is still unclear. However, it could act as a glycolipid transfer protein, since several gangliosides (a series) were found to bind with high affinity to prosaposin. To identify cell types that produce SGPl "A, we constructed an SGPl cDNA and used for screening of different rat tissues by Northern blot analysis. To localize the translation product of SGPl transcripts, we immunostained the same tissues with an anti-SGP1 antibody. The SGPl cDNA construct was generated by amplifying a rat testicular Zap cDNA library by FCR (polymerase chain reaction) with two synthetic oligonucleotide primers. A positive signal of 1.7 KEI was isolated, subdoned into the pGEM-7Zf (+). Sequence analysis showed a near-identical nucleotide and amino acid similarity to a previous rat SGPl cDNA. The majority of the heterogeneites were conservative substi-
Introduction
Sulfated glycoprotein-1 (SGP-I), also known as prosaposin, is an intriguing, ubiquitous, and highly conserved protein believed to be involved in a variety of biological processes, including lipid transport, sperm maturation, and sphingolipid degradation (for review see . In the reproductive system its expression appears to be induced by a pituitary factor (Rosenthal et al., 1995) . Two mature forms of SGP-1 have been identified in Sertoli cells and in epithelial cells of the efferent ducts Igdoura et al., 1993) : an intracellular form, which is also found in liver and spleen (O'Brien and Kishimoto, 1991) . and a secreted form, which is found in several extracellular fluids Kondoh et al., 1991) . Supported tutions. Northern blot analysis demonstrated that all examined rat tissue and organs have SGPl "A.
Immunocytochemistry identified two staining patterns in the cytoplasm of positive cells: (a) a granular reaction characteristic of lysosomes in the supranuclear and basal regions of epithelial cells and in the perinuclear region of neurons; and (b) a homogeneous reaction in the cytoplasm of Sertoli cells, Type I1 pneumoqtes, macrophages, and epithelial cells lining the choroid plexus. The latter staining pattern could be characteristic of cells that exhibit a secretory routing of SGP1. The production of SGPl by a variety of specialized cells lining fluid compartments suggests that its seaetd form has a role in the transport of lipids in biological fluids, possibly by the formation of soluble complexes with glycolipids. Similarly, the lysosomal form of SGPllprosaposin and their derived saposins also solubilizes certain glycolipids to promote their degradation by specific hydrolases. (JHistochem Cytochem 44: [327] [328] [329] [330] [331] [332] [333] [334] [335] [336] [337] 1996) In the human, lysosomal prosaposin gives rise after partial proteolysis to four smaller activator proteins, termed saposins A, B, C, and D (O'Brien and Kishimoto, 1991) . The function of lysosomal saposins is either to solubilize certain membrane glycolipids or to form complexes with lysosomal enzymes and/or their glycolipid substrates to promote their hydrolysis (Kretz et al. 1990 ). The lysosomal form of rat SGP-1 also generates smaller proteins that are considered to be the equivalent of human saposins .
In addition to its role as a lysosomal precursor, rat SGP-1 and human prosaposin are presumed to have multifunctional roles because they also exist in extracellular fluids such as milk (Kondoh et al., 1991 ), cerebrospinal fluid (O'Brien et al., 1994 , and seminiferous tubule fluid . However, little or no information is available on the distribution of prosaposin in other tissues, especially in those implicated in common clinical diseases, such as the prostate, mammary gland, colon, and kidney, and in those involved in the lysosomal degradation of plasma membrane, such as spleen and liver, or in those involved in glycolipid hydrolysis, such as lung. For example, the precursor of pulmonaryassociated protein SP-B was demonstrated to have substantial sequence similarity with prosaposin (Patthy, 1991) . Both SP-B and prosaposin interact with lipids, but the status of prosaposin in the lung is still unknown. More recently, prosaposin and its derived saposin C were proposed to be neurotrophic factors that stimulate neurite outgrowth in murine cells and choline acetyltransferase (ChAT) activity in human neuroblastoma cells (OBrien et al., 1994) .
To gain insight into potential physiological roles of SGP-1, we have cloned a new rat cDNA which was used to examine the distribution of its " A in different rat tissues. This study was done in conjunction with the identification of its translation product by immunocytochemistry using an antibody raised against rat SGP-1. Antibodies. Rabbit anti-SGP-1 IgG was generously provided by M. D. Griswold, Washington State University. The anti-SGP-1 antibody was previously characterized immunochemically (Collard et al., 1988) and immunohistochemically (Hermo et al., 1992) . The antibody was affinity-purified against the 70-KD rat SGP-l according to Igdoura and Morales (1995) .
Materials and Methods
Fixation of Tissue. Adult male Sprague-Dawley rats were obtained from Charles River (Montreal, Quebec, Canada) and anesthesized with sodium pentobarbital. For immunolocalization of SGP-1 in paraffin sections, the animals were fixed by intracardiac perfusion with Bouin's fixative. Testes, kidneys, spleen, liver, small and large intestines, eyes. brain, lung, seminal vesicles, prostate, and mammary glands were removed, dehydrated in graded ethanol, and embedded in paraffin. For immunogold staining, some tissues were perfused in the same manner with 0.5% glutaraldehyde, 4% paraformaldehyde, and 15 mM lysine in 0.1 M phosphate, pH 7.4. The tissue was trimmed into small blocks, kept in the same fixative for 2 hr, and then washed three times at 4°C in PBS containing 4% sucrose. The blocks were dehydrated in graded methanol and embedded in Lowicryl K4M (Sylvester et al., 1989) .
Immunolocalization of SGP1. Ultrathin sections obtained from tissue embedded in Lowicryl K4M were mounted on 200-mesh formvar-coated nickel grids, incubated with anti-SGP-1 antibody (1:20). and postincubated with colloidal gold-conjugated goat anti-rabbit IgG (1:20) according to Sylvester et al. (1989) . Paraffin sections were also incubated with anti-SGP-1 antibody and reacted with peroxidase-conjugated anti-rabbit IgG according to Hermo et al. (1992) .
Isolation of SGPl cDNA Clones and Sequence Analysis. A rat testicular Zap cDNA library was screened using PCR amplification. The portion of the cDNA corresponding to the 5' untranslated region, the nucleotide sequence encoding the 554 amino acids including the stop codon, and a portion of the 3' untranslated region of the SGP-llprosaposin mRNA were amplified by using sense (5'-GCAGCCTGCGGAGTGAAGCGGY) and antisense (5'-CrrCA'ITACCCTAGACCCA-Y) specific primers constructed in the Sheldon Biotechnology Center of McGill University. The predicted DNA size was verified by agarose electrophoresis and the isolated DNA fragment 
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Complete amino acid sequence of rat SGP-1 cDNA deduced from the cloned SGP-l cDNA. Amino acid numbering is placed in the margins. Arrows indicate the proline-rich segment of 31 amino acids previously reported in two other cDNAs from mouse and rat but absent in the human prosaposin cDNA.
subcloned into the pGEM-7Zf( +) plasmid (Fisher-Promega; Montreal. Quebec. Canada) according to manufacturer's specifications.
DNA sequence determination of the cDNA clone contained in the pGEM-7Zf ( + ) vector was accomplished using the Standard Sequenase (R) Version 2.0 System kit and protocol (United States Biochemical; Cleveland, OH). The plasmid promoter primers T7 and SP6 were used for the first round ofsequencing. On the basis of these data. specific primers were synthesized for continuing sequence determination, The clone was sequenced on both strands. DNA sequences were obtained using the dedeoxy chain termination procedure (Sanger et al.. 1977) .
Northern Blot Analysis. Total RNA was isolated from brain. lung, mammary gland. kidney, liver, small and large intestines. eye, spleen, epididymis. and testis of adult rats. The Northern blots were prepared as previously described . Briefly, 5 pg of total RNA was denatured and electrophoresed in 1.2% agarose. The RNA was then transferred to a nylon filter and the blot was hybridized overnight at 55'C with [!*P]-UTP SGP-I cDNA probe in vitro transcribed with the pGEM-7Zf ( + ) vector containing the cDNA insert (specific activity 1 x I@ cpmlpg). Filters were exposed to Kodak XAR film at -7O'C for 2 days.
Results
CLoning and Sequencing of Rat Prosaposin
The isolated PCR product of 1.7 KB was subcloned into the pGEM-7Zf (+) plasmid, which was used for sequencing. Its nucleotide and amino acid sequences are presented in Figures 1 and 2 open reading frame of this cDNA begins at nucleotide base 1 and ends at nucleotide base 1732. The start and stop sites for initiation and termination of translation are separated from the Sand 3' untranslated regions of the SGP-Uprosaposin mRNA (Figure 1 ).
An NCBl database search, employing the BLAST network service (Altschul et al., 1990 ) showed a near-identical nucleotide and amino acid sequence between our cDNA and that of Collard et al. (1988) . However, some heterogeneities were found owing to nucleotide variations. Except for three (underlined), they were conservative substitutions (Figure 1) . Comparison of the amino acid sequence of both cDNAs revealed three amino acid differences: valine instead of isoleucine at position 462, arginine instead of tryp tophan at position 527. and methionine instead of serine at position 536 (Figure 2 ).
Northern Blot Analyses
Sample buffer (10 PI) containing 5 pg of total RNA obtained from brain, lung, mammary gland, kidney, liver, small and large intestines, eye, spleen, epididymis, and testis was loaded in each lane of an agarose gel. resolved by electrophoresis, and transferred to a nylon blot. The blot was then hybridized with an antisense SGP-1 RNA probe. The radioautograph of the Northern blot analysis detected a single 2.6-KB band in all samples tested, consistent with an SGP-1 mRNA transcript (Figure 3 ).
Immunocytochemistry
Immunoperoxidase reaction with anti-SGP-l antibody was observed in all tissues examined. However, the staining pattern differed from one tissue to another. A homogeneous cytoplasmic reaction was observed in testicular Sertoli cells of the seminiferous epithelium ( Figure 4 ) and in Type I1 pneumocytes and macrophages of lung (Figure 5) . A supranuclear granular reaction was observed in several epithelial cells, such as enterocytes of small and large intestine (Figures 6 and 7) . in proximal convoluted and collecting tubules of kidney ( Figure 8 ). and in secretory epithelial cells such as seminal vesicle (Figure 9 ), prostate ( Figure 10 ). and mammary glands ( Figure 11 ).
Sagittal sections of brain, including the cortex and the different nuclei, without exception showed a strong granular reaction in the perinuclear cytoplasm of all neurons (Figure 12 ). In the cere- L bellum, the neurons of the molecular and granular layers, as well as the Purkinje cells, also showed a strong cytoplasmic granular reaction (not shown). In contrast to the granular reaction of neurons, the epithelial cells lining the choroid plexus showed a strong, dark homogeneous staining of their cytoplasm (Figure 13 ).
In the eye, the epithelial cells lining the ciliary processes were strongly reactive (not shown). At the level of the retina a strong homogeneous cytoplasmic reaction was observed in the retinal pigment epithelium, in the layer of ganglion cells, in the inner nu- clear layer, and in the external limiting membrane. In contrast, the outer plexiform layer and the layer of cones showed a moderate reaction (Figure 14) .
When positive cells were immunogold-labeled with anti-SGP-1 antibody and examined by electron microscopy, round electrondense bodies characteristic of lysosomes were heavily labeled ( Figures  15-18 ). In the mammary gland, alveolar cells exhibited scattered lysosomes strongly labeled and supranuclear secretory vesicles moderately labeled with SGP-l antibody (Figure 19) . Type I1 pneu- r. i .. mocytes also exhibited heavily labeled lysosomes and lamellar bodies. Other organelles. such as mitochondria, ER, and nucleus, were unlabeled. The Golgi apparatus was sometimes weakly labeled.
Immunostaining of paraffin sections and immunogold labeling of thin sections with normal goat serum showed lack of labeling, indicating that the observed reaction with anti-SGP-1 antibody was specific (Figure 4 ).
Discussion
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is the homologue of human prosaposin, a 65-70-KD protein which is proteolytically cleaved in lysosomes into four IO-15-KD polypeptides termed saposins A, B, C, 2nd D (O'Brien and Kishimoto, 1991) . In the lysosomal compartment the saposins activate the hydrolysis ofsphingolipids by lysosomal hydrolases (Kretz et al., 1990; Li and Li, 1976; Ho and O'Brien. 1971) Figure 14 . Paraffin section of eye. A strong immunoperoxidase reaction can be observed in the layer of ganglion cells (1). in the inner nuclear layer (2). and in the exter. nal limiting membrane (4). In contrast, the outer plexiform layer (3) and the layer of cones (arrowheads) show a moderate reaction. Original magnification x 400. Bar = 25 pm. and C stimulate the hydrolysis of glucosylceramide by p-glucosylceramidase and galactosylceramide by p-galactosylceramidase (Morimoto et al.. 1988 (Morimoto et al.. ,1989 Kleinschmidt et al., 1987) . Saposin B is the activator of arylsulfatase A, a-galactosidase, and p-galactosidase (OBrien et al., 1988; Giirtner et al., 1983) . Saposin D is a sphingomyelinase activator protein (Morimoto et al., 1988) . A deficiency in saposin B has been linked to a variant form of the lysosomal storage disease metachromatic leukodystrophy (Stevens et al.. 1981 ) and a deficiency in saposin C has been linked to a variant form of Gaucher's disease (Christomanou et al., 1986) .
Although human prosaposin is known to be targeted to lyso-somes, its homologue, rat SGP-I, was first believed to be secreted into the extracellular space without being processed into the 15-KD saposins (O'Brien et al.. 1988) . A proline-rich segment of 31 amino acids present in rat SGP-1 but absent in human prosaposin was implicated in the secretory routing of SGP-1 to the extracellular space. However, recent studies of Sertoli cells and epithelial cells of the efferent ducts have demonstrated that a 65-KD form of SGP-1 may be targeted to lysosomes Igdoura et al., 1993) , where it is proteolytically processed to 1 5 -~D polypeptides that correspond to saposins . Therefore, two different trafficking pathways have been identified a # , -.
..
-" . , for this protein: (a) a direct delivery to the lysosomes from the Golgi apparatus and (b) a secretory route to the extracellular space.
In this study we have used two synthetic oligonucleotide primers prepared according to known regions of rat SGP-1 to screen a rat testicular Zap cDNA library. A positive signal of 1.7 KB was iso-lated, subcloned into the pGEM-7Zf (+)plasmid, and sequenced. An NCBI database search showed a near-identical nucleotide and amino acid sequence between our SGP-1 cDNA and that of Collard et al. (1988) . It also showed an 88% homology to mouse prosaposin and 70% homology to human prosaposin. Nucleotide and amino acid sequence analysis demonstrated a proline-rich sequence of 31 amino acids present in the mouse and rat cDNAs but absent in the human prosaposin cDNA. A close analysis of the nucleotide and amino acid sequences of our cDNA and the SGP-1 cDNA of Collard et al. (1988) revealed an alignment containing only a few differences. The majority of the heterogeneities were conservative substitutions, except for a valine (position 462) an arginine (position 527), and a methionine (position 536). Interestingly, the methionine substitution matches the mouse prosaposin cDNA (Sprecher-Levy et al., 1994; Tsuda et al., 1992) .
The proline-rich segment of 31 amino acids initially implicated in the secretory routing of SGP-1 to the extracellular space is not a unique feature of the rat protein, as it is also found in the mouse sequence (Sprecher-Levy et al., 1994) . The existing evidence suggests that this segment is not involved in the different trafficking patterns of testicular SGP-1 (Igdoura et al., in press ). Furthermore, human prosaposin, which lacks the proline-rich segment, is secreted in various tissues, such as mammary glands and platelets, and is abundant in various other secretory fluids (O'Brien et al., 1994; Kondoh et al., 1991) . Northern blot analysis demonstrated that all rat tissue and organs examined showed the presence of the SGP-1 mRNA.
Immunocytochemistry enabled us to identify the precise localization of the SGP-1 translation product. For example, in the kidneys only the proximal convoluted and collecting tubules showed a positive reaction.
Two main staining patterns were observed in the cytoplasm of positive cells. First, a granular reactivity was present in the supranuclear and basal regions of the majority of the epithelial cells studied and a granular perinuclear reactivity was present in neurons. The size and distribution of the granules were reminiscent of lysosomes. In fact, immunocytochemical localization of SGP-1 at the ultrastructural level demonstrated that the lysosomes of all cells examined in this investigation were heavily labeled with anti-SGP-1 antibody. Second, a homogeneous cytoplasmic reactivity was present in Sertoli cells of the seminiferous epithelium, in Type I1 pneumocytes, and in epithelial cells lining the choroid plexus. Although this staining pattern may be indicative of secretory routin demonstrate secretory vesicles in Sertoli cells and in epithelial cells of the choroid plexus because of the poor preservation of this compartment and the lack of specific markers that identify secretory elements in these cells. In the case of type I1 pneumocytes and alveolar mammary cells, the SGP-1 antibody was found in lamellar bodies and in vesicles containing casein micelles, respectively, which are involved in secretion. Homogeneous vs granular reaction was a feature noted only in paraffin sections.
The demonstration of the translation product of SGP-1 mRNA in several tissues other than the testes, liver, and spleen underscores the importance of this protein in different systems of the body. The lysosomal form of this protein has been shown to play a role in the hydrolysis of glycolipids and sphingomyelin (O'Brien and Kishimoto, 1991) . Interestingly, glycolipids are found in the plasma membrane and in membranes delimiting the endocytic and lysosomal compartments. Glycolipids are integral components of the outer leaflet facing the extracellular domain or the lumen of intracellular organelles, and their degradation occurs within the of SGP-1 to the extracellular space, immunogold labeling could d lysosomes through the sequential hydrolysis of their linked oligosaccharides by specific lysosomal hydrolases that require the concerted action of activator proteins, such as saposins (OBrien and Kishimoto, 1991; Li and Li, 1976) .
Secreted SGP-1 as well as prosaposin could act as glycolipid transfer proteins (Hiraiwa et al., 1992) . The gangliosides of the gangliotetraose type (a series) bound with high affinity to prosaposin, whereas b-series gangliosides, 0-acetylated gangliosides, and gangliosides with shorter carbohydrate chains bound with lower affinity (Hiraiwa et al., 1992) . Prosaposin also transferred gangliosides from donor liposomes to erythrocyte ghost membranes (Hiraiwa et al., 1992) . Nevertheless, further investigation is required before the real function of secreted SGP-1 in testis and in other tissues is fully established.
The mechanism for sorting and targeting of SGP-1 is also intriguing. We have recently shown that lysosomal SGP-1 is targeted to the lysosomes by a mannose-6-phosphate-independent mechanism that does not require glycosylation (Igdoura et al., in press ). The availability of specific cDNA probes and the generation of mutations in specific domains of prosaposin will help to clarify if specific sequences are responsible for the sorting and differential transport of the two forms of SGP-1.
In summary, the secretory form of SGP-1 produced by a variety of cells lining fluid compartments may play a role in lipid transport in biological fluids and local environments by formation of soluble complexes. In the lysosomes, SGP-llprosaposin and their derived saposins also solubilize certain glycolipids to promote their degradation by specific hydrolases.
